The level of genetic differentiation and genetic structure in a Chinese native chicken breed, Bian chicken, and two controlled chicken populations (Jinghai chicken and Youxi chicken in China) were analysed based on 29 microsatellite markers. A total of 166 distinct alleles were observed across the 3 breeds, and 32 of these alleles (19.3%) were unique to only 1 breed. Bian chicken carried the largest number of private alleles at 15 (46.9%), followed by the Jinghai chicken with 12 private alleles (37.5%). The average polymorphism information content (0.5168) and the average expected heterozygote frequency (0.5750) of the Bian chicken were the highest, and those of the Jinghai chicken were 0.4915 and 0.5505, respectively, which were the lowest. Among 29 microsatellite loci, there were 15 highly informative loci in Bian chicken, and the other 14 were reasonably informative loci. The highly informative loci in Jinghai chicken and Youxi chicken were 17 and 14 respectively. Significant deviations from the Hardy-Weinberg equilibrium were observed at several locus-breed combinations, showing a deficit of heterozygotes in many cases. As a whole, genetic differentiation among the breeds estimated by the fixation index (Fst) were at 6.7% (p<0.001). The heterozygote deficit within population (Fis) was 22.2% (p<0.001), with the highest (0.249) in Bian chicken and lowest (0.159) in Youxi chicken. These results serve as an initial step in the plan for genetic characterization and conservation of the Chinese chicken genetic resource of Bian, as well as Jinghai and Youxi chickens.
INTRODUCTION
Microsatellites are characterized by tandem repeats of one to six bases (Muhammet et al., 2008) . Compared to other types of molecular markers, microsatellites have many advantages such as being numerous and ubiquitous throughout the genome, showing a high degree of polymorphism, and codominant inheritance (Cheng and Crittenden, 1994) . Until now, microsatellite markers are the most widely used when assessing the genetic diversity, mapping of QTLs, population structure and relationship in and among various populations of indigenous and commercial chickens including Jungle Fowl (Mwacharo et al., 2007; Berthouly et al., 2008; Bodzsar et al., 2009; Heifetz et al., 2009) .
Bian chicken is an eminent Chinese native dual-purpose breed, which is characterized by adaptability to coarse feeding and frigidity, heavy egg, high-quality meat and superior adaptability. The breed is reared in the inside and outside areas of the Great Wall adjacent to the Mongolia municipality and Northern Shanxi province. The local people view the Great Wall as "Bian Wall", hence they call this breed Bian chicken (in Shanxi province it is also named Youyu chicken). Until now, only Bai et al. (2004) , using 5 microsatellite markers, have assessed the genetic diversity of Bian chicken. The results showed that the genetic diversity of Bian chicken was rich, and the PIC and He were 0.6671 and 0.7457, respectively. This chicken breed is now in serious danger of extinction because of its poor commercial performance. It is essential to use more microsatellite markers to evaluate the actual genetic diversity and to develop improvement and conservation programs so as to benefit people living in rural areas.
Because of the above reasons, we constructed a conservation population in the Institute of Animal Husbandry and Veterinary of Shanxi Academy of Agricultural Sciences. The objective of this research was to assess the genetic diversity of Bian chicken, using Jinghai chicken and Youxi chicken as controlled populations, based on 27 microsatellite markers recommended by the International Society for Animal Genetics and the Food and Agriculture Organization (FAO/ISAG, 2004 ) and on 2 unrecommended microsatellite markers. This study served as an initial step in the plan for genetic characterization and conservation of the Chinese chicken genetic resource of Bian, as well as Jinghai and Youxi chickens.
MATERIALS AND METHODS

Chicken populations
In total, 220 chickens belonging to 3 Chinese native breeds were investigated, of which two were local breeds (Bian and Youxi chicken) and the other (Jinghai chicken) was a national cultivated breed. Amongst the 220 birds, blood samples were collected from 140 Bian chickens (male:female = 1:1) belonging to a zero generation from the Institute of Animal Husbandry and Veterinary of Shanxi Academy of Agricultural Sciences, from 50 Jinghai chickens (male:female = 1:1) from Jiangsu Jinghai Poultry Industry Group Co. Ltd., and from 30 Youxi chickens (male:female = 1:1) from the national gene bank for local chickens in the Poultry lnstitute, Chinese Academy of Agricultural Sciences.
Blood samples were taken from the wing vein with heparin sodium as an anticoagulant agent and stored at -20°C. Genomic DNA was extracted from whole blood using the phenol-chloroform method. The DNA concentrations were quantified spectrophotometrically.
Microsatellite data analysis
29 microsatellite markers distributed on 14 autosomes were chosen to evaluate the diversity. Among these, 27 markers belong to the list of microsatellite markers recommended by FAO/ISAG (2004) . The names of the 29 microsatellite markers are shown in Table 1 . PCR was denaturation at 94°C for 6 min, followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 55-60°C (according to different primers) for 30 s and extension at 72°C for 30 s, and a final elongation step at 72°C for 10 min. The PCR products were separated on 10% undenatured polyacrylamide (29:1) gels using pBR322 DNA/BsuRI/Marker as a standard molecular size marker, and were visualized by silver nitrate staining. After imaging by the UVI gel imaging system, the sizes of alleles were determined using ONE-Dscan software (Tang, 2006) .
Statistical analysis
In the analysis of within-breed genetic variability of the 220 chickens, the Microsatellite-Toolkit for Excel (Park, 2001 ) was used to calculate allelic frequencies and population genetic parameters such as: expected heterozygosity (He), observed heterozygosity (Ho) and the polymorphism information content (PIC).
Based on microsatellite genotyping, Wright's (1978) fixation index: Fit, Fst and Fis were estimated using the FSTAT software (Version 2.9.3.2, Goudet, 2002) . Fit, Fst and Fis were the global heterozygote deficit across populations, genetic differentiation, and the heterozygote deficit within population (inbreeding coefficient), respectively. The significance of the F-statistic was determined by permutation tests with the sequential Bonferroni procedure applied over loci (Hochberg, 1988) .
Pair-wise Fst values were computed for all combinations of the 3 populations using FSTAT software. Gene flow between populations was defined as the number of reproductively successful migrants per generation (Nm). The Nm values were calculated using the following formula: Fst = 1/(4Nm+1), where Nm is the gene flow, and Fst is calculated as mean over loci.
A distance measure for populations diverging by drift only is based on the co-ancestry coefficient theta, and the Reynolds' distance (DR) is constructed for multiallelic, multilocus data (Reynolds et al., 1983) . Reynolds' distance values between the pairs of genetic groups were calculated using the following formula: DR = -ln (1-Fst); where DR is the Reynolds' distance, and Fst is calculated as mean over loci.
RESULTS
Within breed diversity
The number of alleles for each microsatellite marker and the number of private alleles for each breed are summarized in Table 1 Table 2 . The average polymorphism information content (0.5168) and the average expected heterozygote frequency (0.5750) of Bian chicken were the highest, and those of Jinghai chicken were 0.4915 and 0.5505, respectively, which were the lowest. Nevertheless, the average observed heterozygote frequency of Bian chicken was the lowest (0.4320) with Youxi chicken as the highest (0.4736). As to Bian chicken, the highest values of PIC, He and Ho per locus were observed at LEI0234 (0.8400), LEI0234 (0.8600) and ADL0268 (0.9926), respectively, and the corresponding lowest were at MCW0037 (0.3001), MCW0248 (0.3626) and MCW0014 (0.1000), respectively. In terms of Jinghai chicken, the highest values of PIC and He were both observed at LEI0234 (0.7484 and 0.7822), and the lowest value of PIC and He were both observed at MCW0248 (0.1504 and 0.1655). ADL0268 showed the highest value of Ho (1.000) both in Jinghai chicken and Youxi chicken, which meant that the two chicken breeds were heterozygous at this locus. However, the value of Ho was zero at MCW0165 in Youxi chicken, which meant that at this locus all Youxi chicken were homogeneous.
Breed genetic differentiation
Genetic difference was observed (overall Fst = 0.067, in Table 3 ); that is, around 6.7% of the microsatellite variation among the 3 breeds was due to breed differentiation. 24 loci contributed significantly to this differentiation. It can also be seen that the deficit of heterozygotes was very high (0.222) (p<0.001). Except for 7 loci (ADL0268, LEI0166, MCW0081, MCW0103, MCW0034, ADL0112, MCW0095), the remaining loci had a significant deficit of heterozygotes.
In accordance with the analysis of existing genetic differentiation between the possible pairs of genetic groups, the Fst value showed slightly high differentiation (0.0840) between Jinghai chicken and Youxi chicken which was the highest. The lowest Fst value (0.0539) was observed between Bian and Youxi chicken. The Nm value ranged from 2.726 (between Jinghai and Youxi chicken) to 4.380 (between Bian and Youxi chicken) (Table 4 ). Reynolds' distance values varied between 0.0555 (Bian-Youxi chicken pair) and 0.0877 (Jinhai-Youxi chicken pair) (Table 4) .
In all 87 HWE tests (29 loci in 3 breeds), significant deviations from the HWE at the 5% level were observed in 53 cases (60.9%). In these deviations, 88.7% (47/53) of cases had a heterozygosity deficit. Conversely, only 11.3% of cases (6/53) had a heterozygosity excess (Table 3 and  Table 5 ). The number of populations which deviated from the HWE at each locus ranged from 1 to 3 (Table 3 ). All breeds showed statistically significant deviations from the HWE at many loci. A noticeable number of deviations from the HWE were observed in Bian chicken, and only 3 loci (LEI0166, MCW0081 and MCW0103) accorded with HWE. The number of loci that accorded with HWE in Jinghai and Youxi chicken were 15 and 16 respectively ( Table 5) .
The heterozygote deficit within population (Fis) for the 3 chicken populations are summarized in Table 5 . Comparatively, the Fis for Bian chicken was the highest (0.249) followed by Jinghai (0.182) and Youxi chicken (0.159). Many cases of Fis for Bian (22), Jinghai (13) and Youxi chicken (9) were statistically significant (p<0.01). In all three populations, both ADL0268 and MCW0095 showed heterozygosity excess (p<0.01).
DISCUSSION
PIC was an ideal index to measure the polymorphism of allele fragments. According to Botstein et al. (1980) , PIC>0.50 indicates a highly informative locus, 0.25<PIC< 0.50 indicates a reasonably informative locus, and PIC<0.25 indicates a slightly informative locus. PIC also concerns the usability and employed frequency of a locus. In a population, the larger the PIC the more genetic information it can provide. In this study, among 29 microsatellite loci, there were 15 highly informative loci in Bian chicken, and the other 14 were reasonably informative loci. As to Jinghai chicken, the number of highly polymorphic, reasonably informative, and slightly informative loci were 17, 8 and 4, respectively. There were 14 highly informative and 12 reasonably informative loci in Youxi chicken, and the other 3 loci were slightly informative. Among breeds, the average PIC values in Bian, Jianghai and Youxi chicken were 0.5168, 0.4915 and 0.4983, respectively. Therefore, these microsatellite loci chosen in this study can provide reasonable information. Compared with previous studies, the average PIC value of Bian chicken was higher than the values (0.3143-0.4918) of 11 Chinese local chickens reported by Wu et al. (2004) . The average PIC value of Bian chicken was lower than the values (0.539-0.670) of 12 Chinese indigenous black-bone chicken breeds reported by Tang et al. (2005) , and also lower than the value (0.6671) of Bian chicken reported by Bai et al. (2004) using only 5 microsatellite loci. In the latter research, blood of 53 Bian chicken (male:female = 11:42) was sampled from Qahar Youyi zhongqi of Mongolia. In our research, fertilized eggs were collected from homes of local people located on the common boundary between Youyu county of Shanxi province and Liangcheng county of Mongolia, where roads are devious and transport is not convenient. Then, these fertilized eggs were incubated in the Institute of Animal Husbandry and Veterinary of Shanxi Academy of Agricultural Sciences to construct a conservation population. In general, this difference may be due to the different genetic backgrounds of the populations studied and the different microsatellite markers employed (Shahbazi et al., 2007) .
The values of PIC varied significantly at the same microsatellite locus among different chicken breeds and also in the same chicken breed among different microsatellite loci. For example, as to MCW0165, the values of PIC in Bian and Jinghai chicken were 0.5647 and 0.5023, respectively, which meant that this locus was a highly informative locus in both breeds. However, the value of PIC for MCW0165 in Youxi chicken was 0.2266, which meant that this microsatellite locus was a slightly informative locus. The highest value of PIC in Jinghai chicken was 0.7484 (LEI0234), which meant that this locus was a highly informative locus in this chicken breed, while the value of PIC for MCW0248 was 0.1504, indicating that this was a slightly informative locus in Jinghai chicken. One of the reasons for the above phenomena was that the same microsatellite locus among different chicken breeds and the different microsatellie loci in the same chicken breed underwent different selection pressure in the secular artificial selection and breeding process. However, in this study, adequate sampling of the Bian chicken was ensured by collecting fertilized Bian eggs from homes of local people located on the common boundary between Youyu county of Shanxi province and Liangcheng county of Mongoliao, and incubating these collected eggs in the Institute of Animal Husbandry and Veterinary of Shanxi Academy of Agricultural Sciences. Local people bred and reared by themselves and did not carry out specialized artificial selection, but we also can see the significant difference of the values of PIC among different microsatellite loci. This may be due to the process of adapting to the frigid and adverse circumstances under which different microsatellie loci underwent different natural selection pressure. The differences in the values of PIC among the 3 chicken breeds in this study also reflected the difference in the genetic diversity of Chinese native chicken breeds.
Heterozygosity is also known as gene diversity. Heterozygosity estimates within the population were based on a set of markers showing substantial heterogeneity in the number of alleles detected and the polymorphism information content. The use of a mixture of highly variable and less variable microsatellites should reduce the danger of overestimating genetic variability, which might occur if only highly variable loci are used (Wimmers et al., 2000) . In this study, the mean He in Bian, Jinghai and Youxi chicken were 0.5750, 0.5505 and 0.5617, respectively, using 29 microsatellite markers. This showed that the genetic diversity of Bian chicken is very rich. We should construct conservation centers to protect this precious breed resource. At the same time, because of the poor commercial performance of Bian chicken, we should improve the selection pressure and enhance its level of utilization, which implies that we should combine conventional and molecular breeding to improve production performance of Bian chicken. Athough the Jinghai chicken has undergone inbred selection for 7 generations, it also had high selection potential. The high He of Youxi chicken also meant that the conserved effect of Youxi chicken is ideal in the national gene bank for local chickens in the Poultry Institute, Chinese Academy of Agricultural Sciences. The mean He for the three breeds was quite similar to the mean value (0.551) reported for 7 Chinese local chicken breeds (Zhang et al., 2008) . Hillel et al. (2003) reported that the average gene diversity within 52 populations across all 22 loci was 0.47. The mean He (0.512) for the three breeds was slightly higher than that reported by Wang et al. (2003) for partial Chinese local chicken breeds using 7 microsatellite loci. The mean He recorded in this research for three breeds, however, was lower than that reported by Kong et al. (2006) for Korean native chickens (0.630) and by Shahbazi et al. (2007) for five Iranian native chickens (0.620-0.736). The variation of expected heterozygosity may be adduced to differences in location, sample size, population structure, and sources of microsatellite markers (Kaya et al., 2008) .
The mean Fis for Bian, Jinghai and Youxi chicken were 0.249, 0.182 and 0.159, respectively. These three values were higher than reported by Tadano et al. (2007) for 12 commercial chicken lines (0.000-0.141) based on 40 microsatellite loci, while lower than reported by Kaya et al. (2008) for Turkish native chickens (0.301) with 10 microsatellite loci. The high Fis for Bian chicken reminded us that in the later selection and hybridization process we should avoid full-sib and half-sib mating in order to prevent inbreeding depression.
Native breeds are considered a national asset and a key factor in creating sustainable agriculture in developing countries. Precise assessment of such native genetic resources is of great importance and could be utilized for the purpose of their conservation, management, reproduction, and exploitation (Shahbazi et al., 2007) . The present analysis is of great importance because it is possibly the first genetic study of Bian chicken using many microsatellite loci. These results serve as an initial step in the plan for genetic characterization and conservation of Chinese chicken genetic resource of Bian, as well as Jinghai and Youxi chicken.
